The goal of this work is to study the obscuration properties of mid-infrared (mid-IR) selected AGN. For that purpose, we use WISE sources in the Stripe 82-XMM area to identify mid-IR AGN candidates, applying the Assef et al. criteria. Stripe 82 has optical photometry ≈ 2 times deeper than any single-epoch SDSS region. XMM-Newton observations cover ∼26 deg 2 . Applying the aforementioned criteria, 1946 IR AGN are selected. ∼ 78% have SDSS detection, while 1/3 of them is detected in X-rays, at a flux limit of ∼ 5 × 10 −15 erg s −1 cm −2 . Our final sample consists of 507 IR AGN with X-ray detection and optical spectra. Applying a r − W2 > 6 colour criterion, we find that the fraction of optically red AGN drops from 43% for those sources with SDSS detection to 23% for sources that also have X-ray detection. X-ray spectral fitting reveals 40 (∼ 8%) X-ray absorbed AGN (N H > 10 22 cm −2 ). Among the X-ray unabsorbed AGN, there are 70 red systems. To further investigate the absorption of these sources, we construct Spectral Energy Distributions (SEDs) for the total IR AGN sample. SED fitting reveals that ∼ 20% of the optically red sources have such colours because the galaxy emission is a primary component in the optical part of the SED, even though the AGN emission is not absorbed at these wavelengths. SED fitting also confirms that 12% of the X-ray unabsorbed, IR AGN are optically obscured.
INTRODUCTION
Mid-infrared (mid-IR) surveys have been proven extremely capable of detecting Active Galactic Nuclei (AGN), since they are affected less by extinction. The material that obscures AGN even at X-ray energies, is heated by the AGN and re-emits the nuclear radiation at infrared (IR) wavelengths. Thus, mid-IR surveys trace obscured sources missed even by hard X-ray surveys (e.g., Georgantopoulos et al. 2008; Fiore et al. 2009 ). Spitzer was the first IR mission used to demonstrate the efficiency of selecting AGN from a mid-IR dataset, by applying colour-selection techniques (e.g., Stern et al. 2005; Donley et al. 2012 ). These techniques have now been adapted and used for the Wise-field Infrared Survey Explorer (WISE; Wright et al. 2010) .
WISE completed an all-sky coverage in four mid-IR bands 3.4, 4.6, 12 and 12 µm (W1, W2, W3 and W4 bands, respectively). Several colour regions have been defined that efficiently identify AGN, in particular at high luminosities. For example, Mateos et al. (2012) suggested a selection method using three WISE colours. Stern et al. (2012) used the W1 and W2 bands and applied a simple W1 − W2 ≥ 0.8 criterion to reliably, select AGN with W2 < 15.05 in the COSMOS field. Assef et al. (2013) extended the aforementioned criterion and provided a selection of AGN for fainter WISE sources.
Previous studies have shown that a fraction of these IR se-lected AGN are missed by X-rays. This is attributed to their heavy obscuration in the X-ray band. Del Moro et al. (2016) studied a sample of 33 mid-IR selected quasars with intrinsic luminosity ν L6µm > 6 × 10 44 erg s −1 at redshift z ≈ 1 − 3. Despite their high IR luminosity, ∼ 30% of the sources, i.e. nine quasars, are undetected in X-rays. Among the X-ray detected IR sources, 16 out of 24 (∼ 70%) are heavily obscured (NH > 2 × 10 23 cm −2 ). Mateos et al. (2017) used 199 X-ray selected AGN from the Bright Ultrahard XMM-Newton Survey (BUXS) and found a substantial population of X-ray undetected sources with high-covering factor tori. They claim that the majority of luminous AGN live in highly obscured environments that remain undetected in X-rays at the depths of < 10 keV wide-area surveys. Mendez et al. (2013) found that the percentage of IR AGN that are also detected in X-rays, varies significantly (47% to 90%) depending on the depth of the X-ray and IR surveys (see their Fig. 8 ). Increasing the depth of the IR data reduces the fraction of X-ray detected sources, while increasing the depth of the X-ray data increases the fraction of X-ray detections. Secrest et al. (2015) applied the Mateos et al. (2012) colour selection criteria on the WISE sample and created a sample of 1.4 million AGN candidates. Mountrichas et al. (2017) used this catalogue to explore the X-ray properties of mid-IR selected AGN. In this work they study only the most luminous of these sources (log (νLν /erg s −1 ) ≥ 46.2). Specifically, they cross-correlated the Secrest et al. (2015) catalogue with the subsample of the 3XMM X-ray dataset with available X-ray spectra (Corral et al. 2015) and optical spectroscopy from SDSS/BOSS (Alam et al. 2015) . Due to the requirement for optical (SDSS) identifications, their sample is biased towards type-1 sources. Their analysis revealed seven obscured AGN in X-rays. However, none of them was absorbed based on their optical continuum. LaMassa et al. (2019) studied the demographics of AGN in Stripe82X (LaMassa et al. 2013a,b) . They compiled a catalogue of 4847 AGN, based on their X-ray luminosities or WISE colours. Stripe 82X has dedicated SDSS observations, therefore their sample does not suffer from the optical spectroscopic limitations of the Mountrichas et al. (2017) dataset. Their analysis showed that 61% of X-ray AGN are not selected as mid-IR AGN, while 22% of X-ray sources have no WISE detection. Moreover, 58% of WISE AGN are not detected in X-rays. However, based on the W1−W2 colour difference, sources undetected in X-rays do not appear to be redder than those detected in X-rays. Previous studies have shown, that although X-ray selection is able to identify even very inactive AGN, the X-ray emission is easily absorbed by gas. Especially, at the softer, 10 KeV energies probed by the Chandra and XMM satellites. On the other hand, mid-IR selection is less susceptible to absorption, but only identifies high luminosity AGN, i.e., those systems that the AGN outshines the stellar emission from the galaxy (e.g., Barmby et al. 2006; Georgantopoulos et al. 2008; Eckart et al. 2010) .
In this work, we use WISE sources in the Stripe 82X survey LaMassa et al. 2019 ) and apply the colour criteria of Stern et al. (2012) , modified by Assef et al. (2013) to select mid-IR AGN candidates. First, we derive the obscuration properties using the optical/mid-IR colours and Spectral Energy Distributions (SED). Second, we use only those sources with X-ray detection. Our goal is to study the X-ray properties of these mid-IR selected AGN, by fitting their X-ray spectra. We also compare the X-ray with the optical colour of these sources.
DATA

Sample selection
Stripe 82 covers an area of ∼300 deg 2 on the celestial equator and has been repeatedly scanned by the SDSS. In addition the field has been partially covered by observations at other wavelengths, e.g., UKIDSS (Lawrence et al. 2007) and Herschel (Viero et al. 2014) . The Stripe 82X survey (LaMassa et al. 2013a (LaMassa et al. ,b, 2015 covers ∼31 deg 2 on the sky and was designed to take advantage of the wealth of multi-wavelength information provided by Stripe 82. Its goal is to reveal high luminosity AGN at high redshifts.
Stripe 82X has both Chandra and XMM-Newton observations. In this work we study the X-ray spectral properties of IR selected AGN and compare them with their optical colours and SEDs. For that purpose we require 3XMM observations (Stripe 82-XMM). About half of the Stripe 82-XMM survey (15.6 deg 2 ) is contiguous and reaches an 0.5 − 10 keV flux limit of ∼ 10 −14 erg s −1 cm −2 at half survey area. The median exposure time is ∼ 6 ks, while the coadded depth in theoverlapping regions reaches ∼ 6 − 8 ks We use ∼ 300, 000 WISE sources in the Stripe 82-XMM area to select mid-IR AGN. We apply the criteria presented in Stern et al. (2012) combined with the modified selection criterion described in Assef et al. (2013) , for fainter WISE sources. Specifically, the selection criteria we apply are: For W2 < 15.05
and for 15.05 ≤ W2 ≤ 17.11
where W1, W2 are the WISE photometric bands, at 3.4 and 4.6µm, W1snr is the S/N ratio of the W1 band and (aR, βR, γR) = (0.662, 0.232, 13.93), to select AGN at a 90% reliability. We find 1946 IR AGN that lie within the 3XMM footprint. 1507 of these sources have optical (SDSS DR13; Albareti et al. 2017 ) counterpart and 824 have available optical spectrum. We cross-match these sources with the 499, 266 X-ray sources of the 3XMM-DR7 catalogue (Rosen et al. 2016 
Sample properties
The scope of the paper is to study the X-ray absorption of IR selected AGN and compare it with optical/mid-IR criteria. Therefore, both X-ray and optical identification are needed for the sources. However, this requirement imposes selection biases in the AGN sample. In the following, we study the impact of these biases on our X-ray sample. Previous studies have found a correlation between the optical colour and the X-ray obscuration (e.g., Civano et al. 2012) . Yan et al. (2013) showed that type-2 AGN candidates at z≤ 3, can be identified by applying the following colour criteria: WISE W1 − W2 > 0.8, W2 < 15.2 combined with r − W2 > 6 (Vega). In Fig. 1 (left panel) we plot the r − W2 distributions of the AGN samples. Sources with only SDSS detection, show a peak in their distribution at r − W2 ≈ 5.5. However, a second peak is present at larger r − W2 values (≈ 8.5). When an SDSS spectrum requirement is applied, this second peak is not detected. However, we notice a wide tail at high r-W2 values. Our X-ray detected sources completely miss this optically, possibly obscured AGN population. These distributions are quantified in Table  2 , that presents the fraction of optically red sources in the various subsamples. Based on the r − W2 distributions, we notice that r − W2 = 7 cut seems more natural, since it separates two peaks. Given the prevalence of the r − W2 = 6 cut in the literature, we keep the latter cut in our analysis. However, in Table 2 we also present the fraction of optically red sources, using the r − W2 = 7 cut. Regardless of the exact value of the optical/mid-IR cut applied, the measurements confirm our aforementioned findings, i.e., IR selected AGN that are undetected by X-rays are probably preferentially redder than those detected in X-rays (but see Fig. 16 in LaMassa et al. 2019) . Middle and right panels of Fig. 1 , present the i-band and redshift distributions of the AGN samples. We notice that X-ray detected sources are brighter than i 22.
Mateos et al. (2012) used MIR WISE colours to select luminous AGN candidates. Using these AGN, they defined a highly complete, mid-IR colour wedge that their sources occupy. X-ray 
X-RAY AND OPTICAL ABSORPTION OF IR AGN
In this Section, we study the X-ray absorption of the 507 IR selected AGN with X-ray detection and optical spectra. We then compare the X-ray with the optical absorption (e.g., Glikman et al. 2018 ), using optical/mid-IR colours and SED fitting.
To study the X-ray properties of the IR selected AGN, we use Xspec v12.8 (Arnaud 1996) . Photoelectric absorption is included in all the spectral models (wabs, in XSPEC notation), fixed at the Galactic value at the source coordinates given by Leiden/Argentine/Bonn (LAB) Survey of the Galactic HI (Kalberla et al. 2005) . A single power-law model absorbed by neutral material surrounding the central source is applied on the X-ray spectra. For that purpose, we used the fitting and modelling software Sherpa (version 4.9.1; Freeman et al. 2001) . We followed the Bayesian technique proposed in Buchner et al. (2014) , using the analysis software BXA (Bayesian X-ray Analysis), that connects the nested sampling algorithm MultiNest (Feroz et al. 2009 ) with Sherpa. A nested sampling algorithm allows a full exploitation of the parameter space, avoiding solutions that correspond to local minima which is a common problem with standard minimization techniques (e.g. the Levenberg-Marquardt algorithm). In the BXA framework, a probability prior is assigned to each free parameter of the model. For the power law, photon index, Γ, we used a gaussian prior with mean value 1.9 and standard deviation 0.15 (Nandra & Pounds 1994) . For the remaining parameters, we used flat, uninformative priors. Our spectral fits, follow the same procedure to build the XMMFITCAT-z (see Ruiz et al., in prep., http://xraygroup.astro.noa.gr/Webpage-prodex/).
The mean NH and Γ values of the sample are NH = 10 20.6±0.6 cm −2 and Γ = 1.96 ± 0.20. The quoted errors correspond to the mean values of the 1 σ uncertainties. We also split the sample into various subsamples, based on the number of source photons. The mean values of NH and Γ are presented in Table 3 . Fig. 3 presents the distributions of NH (left panel) and Γ (right panel) values. Our analysis reveals 40 sources (∼ 8%) that have NH > 10 22 cm −2 . This number increases to 65 (∼ 13%) if we loosen our X-ray absorption criterion, i.e., NH > 10 21.5 cm −2 . However, we note that our X-ray spectra extend to energies up to 10 keV. Modelling X-ray spectra at higher energies could possibly change the estimated NH values (Civano et al. 2015) .
Optical/mid-IR colour criteria reveal that 18/40 (45%) of the X-ray absorbed AGN are also optically red (r − W2 > 6). This percentage is higher compared to the fraction of red sources among the 507 sources (20%, see Table 2 ). However, among the non Xray absorbed sources (467), there are 70 (15%) optically red AGN (Fig. 4) . Prompted by this, we construct SEDs for the sample of the 507 AGN and further examine their obscuration (for more details see Appendix). The SED fitting analysis reveals that 86% of the red objects are optically obscured, based on the estimated inclination angle of the torus. Thus, there is a very good agreement between the optical colours and the SEDs of the sources. All 18 IR AGN that are X-ray absorbed and optically red are also obscured based on their SEDs. An example of the X-ray spectrum and the SED of one of these sources is presented in Fig. 5 . Among the 70 optically red AGN that are not X-ray absorbed, 58 (83%) are obscured, based on their SEDs (Fig. 6 ). The r − W2 values and the X-ray spectral results of these sources are presented in Table 4 . As can be seen in this Table, there are a few sources that present some X-ray obscuration, but do not meet our X-ray obscuration criterion, i.e., their NH value is (10 21.5 < NH < 10 22 ) cm −2 . However, a large number of sources that have high number of counts (a few hundred up to a couple of thousand) present no indication of Xray obscuration (NH < 10 20.5−21 cm −2 ). For, the remaining 12 sources (17%) the SEDs reveal the they are galaxy dominated systems, i.e., the galaxy emission is a primary component of the SED in the optical part of the spectrum, even though the AGN emission is not absorbed at these wavelengths (Fig. 7) . The aforementioned numbers do not change if we lower our X-ray absorption criterion, i.e. NH > 10 21.5 cm −2 . We conclude, the SED fitting analysis confirms that there is a fraction ( 58 467 ≈ 12%) of IR AGN that are red, obscured sources without presenting X-ray absorption.
In Fig. 8 we plot the redshift, SFR, stellar mass (derived by SED fitting) and X-ray luminosity (derived by X-ray spectral fitting) distributions (blue shaded regions) of these 58 systems and compare them with the total population of X-ray unabsorbed, IR AGN. The plots indicate that these sources are X-ray luminous AGN that reside in massive systems (log(M /M ) > 10.5).
SUMMARY
We use the ∼ 300, 000 sources of the Stripe 82-XMM area to select mid-IR AGN by applying the selection criteria presented in W2 > 6 ( Yan et al. 2013) , suggest that about 40% of the sample is obscured. We use SED fitting to further investigate the optical obscuration of these sources, using the inclination angle as a proxy of the optical obscuration. The SED analysis corroborates that these sources are obscured.
507 IR AGN are detected in X-rays and have also optical spectra available. We examine the biases the aforementioned requirements impose on our final AGN sample. Our findings reveal that there is a (significant) population of red sources that are excluded when we require optical spectra and X-ray detection. Specifically, the percentage of red sources with SDSS detection drops from 43% to 20% when X-ray detection and optical spectra are required (Table 2) . Therefore, the sample used in our X-ray analysis is biased against the redder sources. The X-ray spectral fitting analysis suggests that 8% of the sources have column densities NH > 10 22 cm −2 . There are 70 (15% of the sample) optically red AGN, that are X-ray unasborbed. SEDs confirmed that 58/70 (83%) of them are obscured sources. The remaining are galaxy dominated systems, i.e., the galaxy emission is a primary component of the SED in the optical part of the spectrum, even though the AGN emission is not absorbed.Therefore, our analysis shows that: (i) The IR acted AGN sample contains a significant fraction of optically red sources (ii) when we consider IR selected AGN that are also Xray detected, our results reveal that these sources are preferentially associated with unobscured systems.
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Funding for the Sloan Digital Sky Survey IV has been provided by the Alfred P. Sloan Foundation, Figure 6 . An example of an IR AGN at ra = 22.75, dec = 0.29, z = 1.22, that is X-ray unabsorbed (log (N H /cm −2 ) = 21.35 +0.15 −0.06 , Γ = 1.62 +0.13 −0.21 ), red (r − W 2 = 9.16) and optically obscured (Ψ = 0.001 o ). Figure 7 . An example of an IR AGN at ra = 26.57, dec = 0.87, z = 1.3, that is X-ray unabsorbed (log (N H /cm −2 ) = 21.67 +0.25 −0.19 , Γ = 1.75 +0.17 −0.12 ), red (r − W 2 = 6.23) and optically unobscured (Ψ = 89.99 o ). The SED reveals that the source is a galaxy dominated system (see text for more details). 8 . Redshift, SFR, stellar mass calculations (derived by SED fitting) and X-ray luminosities (derived by X-ray spectral fitting), for the total population of X-ray unabsorbed, IR AGN (black line) and for the X-ray unabsorbed, optically red and obscured sources (blue shaded regions; see text for more details). We notice that the latter population consists of luminous AGN that (the bulk of it) lives in massive systems with log(M /M ) > 10.5 .  Table A1 . The models and the values for their free parameters used by CIGALE for the SED fitting of our X-ray AGN. τ is the e-folding time of the main stellar population model in Myr, age is the age of the main stellar population in the galaxy in Myr (the precision is 1 Myr), burst age is the age of the late burst in Myr (the precision is 1 Myr). β and γ are the parameters used to define the law for the spatial behaviour of density of the torus density. The functional form of the latter is ρ(r, θ) ∝ r β e −γ|cosθ| , where r and θ are the radial distance and the polar distance, respectively. Θ is the opening angle and Ψ the inclination angle of the torus. Type-2 AGN have Ψ = 0.001 o and Type-1 AGN have Ψ = 89.99 o . The AGN fraction is measured as the AGN emission relative to IR luminosity (1 − 1000 µm). 0.3 E(B-V) reduction factor between old and young stellar population 0.44 Fritz et al. (2006) model for AGN emission Ratio between outer and inner dust torus radii 60 9.7 µm equatorial optical depth 0.1, 0.3, 1.0, 2.0, 6.0, 10.0 β -1.00, -0.5, 0.00 γ 0.0, 2.0, 6.0 Θ 100 Ψ 0.001, 50.10, 89.99 AGN fraction 0.1, 0.2, 0.3, 0.5, 0.6, 0.8
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